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Across the world population growth, expansion of economic activities and climate change have become a concern for future water supply. To address the issue, many countries are investigating strategies to augment current water supplies. Water reclamation has been identified as a plausible sustainable solution to meet potable water supply demand, in turn achieving SDG 6.3. This study identifies some of the critical success factors for consideration of municipal waste water reclamation. This was undertaken in the growing township of Diepsloot, in Johannesburg (South Africa). Diepsloot is densely populated with over 350,000 people as recorded in 2022. As a result, water shortages are common due to insufficient bulk water facilities to supply the area. A direct potable water reclamation plant from treated municipal wastewater has been proposed to augment the water supply. Aqueous Material Balance (AqMB)®, a process modelling simulator software for water treatment processes to predict water quality and quantity, was used to design and simulate the water reclamation plant process. Our findings show that, the quantity and quality of water, as well as the choice of treatment technology are key. The simulations treatment process proposed here-in indicated successful removal of the contaminants to acceptable SANS 241:2015 drinking water standards. The variation in seasonal feed data did not show any difference in the performance of the proposed process. Furthermore, the plant has the potential to provide 109 L/day of clean water per person for a population of 350,000. Therefore, direct potable water reclamation shows great potential to augment current water supply to support growing populations where natural water sources are scarce.
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1 INTRODUCTION
Potable clean water supply has remained one of the major global challenges of the 21st Century. Many cities are grappling to meet the ever rising demand. Water is a required natural resource for human development and ecosystems survival (Macedonio et al., 2012; Zeng et al., 2013). However; with the struggle between water demand and supply, the 2018 Sustainable Development Goals (SDG) report indicates that there are still too many people without access to safely managed water supply and sanitation. The United Nations (UN) in 2015 reported that a global population of 29% lacked access to drinking water supply that is safely managed. Furthermore, if current water challenges trends continue; such as population growth, consumption, pollution, and climate change, there is a possibility that the world will face water deficit of about 40% by 2030 (WWAP, 2015; UN, 2018). In order to meet the water demand for the future, alternative ways of water supply have been identified, such as more utilisation of groundwater, desalination of seawater and wastewater re-use (i.e., water reclamation) (DWS, 2013). Water reclamation is a process of transforming treated wastewater discharge into water that can be reused for different activities such as human consumption, irrigation, and recreation. It releases pressure on conventional water sources such as groundwater and surface water (Khan, 2013; Estevez-Olea, 2015). A number of countries have successfully implemented water reclamation for non-potable (Australia, Israel, Singapore) and potable (Namibia, South Africa, Unites States of America) reuse (USA, 2019). Moreover, in communities where bulk or centralized water supply does not meet the demand due to population expansion, such as in growing urban and peri-urban areas, water reclamation can be useful in supporting decentralization of water supply by augmenting the existing centralized supply.
1.1 Drivers for water reclamation
Water scarcity is one of the drivers of water reclamation. Freshwater scarcity has become a major threat and a limiting factor towards socio-economic and sustainable development to some parts of the world. Water scarcity occurs when water availability falls below 1,000 m3 per capita per year, while absolute scarcity occurs when water availability falls below 500 m3 per capita per year. Water scarcity has been reported to affect approximately 2.4 billion people, or 36% of the global population. If alternative water supply systems or appropriate measures are not implemented, 52% of the world’s population will face severe water scarcity by 2050 (Wang et al., 2014a; Mekonnena and Hoekstra, 2016; Liu et al., 2017). Climate change is another common driver towards the implementation of water reclamation systems. Climate change has changed the world’s hydrological cycles mostly because of changes in temperature and precipitation, which could lead to even more severe water shortages. Temperature rises are likely to have an impact on evapotranspiration and atmospheric water storage, potentially altering the magnitudes, frequencies, and intensities of rainfall, as well as its seasonal and inter-annual variability, and geographical distribution (Wang et al., 2014a; Du et al., 2021). Water availability also contributes towards the implementation of water reclamation systems, the world’s total renewable freshwater resources available (surface water and groundwater) for the environment and human use is 45,000 km3 annually. Roughly 6,000 m3 annually of water per inhabitant is available, if only the available water was to be divided equally amongst the inhabitants. However; due to increase in water withdrawal and consumption over the last decades globally, the current human demand has exceeded the available renewable approximately by a factor of 10 (Oelkers et al., 2011).
1.2 Types of potable water reclamation systems
Potable water reclamation is a system that is used to remove contaminants and pollutants from the treated wastewater discharge through advanced water treatment processes with the aim of producing water that meets drinking water standards. These systems can be oriented into three different types, namely,: De Facto Potable Water Reclamation (DFPWR), Indirect Potable Water Reclamation (IPWR), and Direct Potable Water Reclamation (DPWR). DFPWR is an unplanned water reclamation process. This occurs when the municipal wastewater treatment plant discharges the treated effluent into the river or ocean that is used as a supplying source of drinking water. IPWR is a type of water reclamation in which municipality treats wastewater to an advanced stage with the purpose of expanding drinking water supply. The reclaimed water is stored in environmental buffers such as rivers, reservoirs, aquifers or lakes prior to further treatment at the water treatment plant (Rodriguez et al., 2009; Khan, 2013; EPA, 2017; Warsinger et al., 2018). DPWR is a planned water reclamation system in which treated municipal wastewater effluent is discharged directly into a water reclamation plant for potable water treatment instead of being discharged into a river or groundwater. The reclaimed water is then blended with conventional sources of water such as groundwater or surface water before distribution to consumers. Since DPWR does not require environmental buffers, furthermore the cost of transporting and combining treated water with other drinking sources is lower compared to IPWR. As a result, DPWR might be more cost-effective than IPWR. This type of reclamation has been implemented with great success in Windhoek’s Goreangab, Big Spring Texas, and Beaufort West (Leverenz et al., 2011; Khan, 2013; EPA, 2017; Landsteiner et al., 2018).
1.3 Study area
1.3.1 Location and demographic characteristics
Diepsloot Township (Figure 1), situated in Gauteng province of South Africa, is a low-income settlement established in 1994 initially as a relocation area for people who were moved from an informal settlement in Zevenfontein and in Alexander Township, Johannesburg. It is situated in the north of Johannesburg, and the Jukskei River which feeds into the Crocodile River passes through Diepsloot Township. The township is densely populated, with over 350,000 people (Sobantu and Nel., 2019; Diepsloot Youth Programme, 2023; World Population Review, 2023).
[image: Figure 1]FIGURE 1 | Map of Diepsloot Township (Sesan et al., 2022).
1.3.2 Water supply
Water shortages are common due to insufficient bulk water facilities to supply the area. Some residence experience water supply interruptions which can extend for longer than 2 days (Himlin et al., 2008; Tshililo et al., 2022). Rand Water is a water utility that provides potable water to the Gauteng province and parts of Mpumalanga, Free State, and North West provinces. In the study area, the primary bulk water supply is supplied by Rand Water and distributed by Johannesburg Water (GAPP, 2020; Wikipedia, 2022). Apart from the centralized water supplied by Rand Water, other obvious water sources that can be considered for decentralized water supply in the study area are the groundwater and Jukskei River. The quantity of these sources must be known in order for one to be able to assess the possibility of their utilization as sustainable sources for water supply. Table 1 shows the quantity of water per annum in A2H023 site; which is one of the Department of Water and Sanitation monitoring sites along the Jukskei River. The monitoring site is situated at Nietgedacht, 7 km away from the study area. The data shows that the quantity of water available may not be adequate for future demand, as a portion of water available in Jukskei River is used by the downstream users (Magalies Water Board) which draws water from Hartbeespoort dam (Sibali et al., 2008).
TABLE 1 | Quantities of water in A2H023 site along the Jukskei River (DWS, 2022a).
[image: Table 1]1.3.3 Groundwater
Groundwater is one of the freshwater resources that is accessible and used as a source of water supply for domestic use and irrigation. It is a major source of drinking water in Africa, with nearly 75% of the population depending on groundwater. In recent years, the over-exploitation of groundwater in some parts of South Africa has become a serious challenge. As a result, groundwater levels are declining and will require to be recharged (Taylor et al., 2013; Wang et al., 2014b; DWS, 2022b). Figure 2 shows the groundwater status in Gauteng province reported by Department of Water and Sanitation in May 2022. It was observed that the volumes of water abstracted was higher than those of the groundwater available, implying that groundwater may not be adequate as the sole source for a sustainable water supply.
[image: Figure 2]FIGURE 2 | Groundwater quantity status in Gauteng Province (Groundwater Resource Assessment (GRA) and Water use Authorization & Registration Management System (WARMS) (DWS, 2022b).
1.3.4 Wastewater treatment works
Diepsloot was chosen as the research site for this study because it is densely populated, water shortages are common, and also due to its close proximity to a Wastewater Treatment Works (WWTW). The Northern Wastewater Treatment Works (NWWTW), operated by Johannesburg Water, is located 2 km outside Diepsloot and is the largest wastewater treatment plant in the City of Johannesburg Municipality. The plant treats over 400,000 m3 of municipal wastewater on a daily basis. A portion of the discharge is used for irrigation in some of the nearby farm lands, while another portion is pumped to a nearby coal-operated Power Station (Prinsloo, 2008). The remaining effluent (estimated at 220,000 m3/day) is discharged into the Jukskei River. The majority of the sewage collected and treated at NWWTW comes from residential areas in Alexandra, Sandton, Randburg, and the northern parts of Johannesburg. The treatment steps followed at the NWWTW are summarized in Figure 3. The sewage enters the pre-treatment stage to eliminate any foreign material or bigger rubbish such as paper and plastic. Followed by the balancing tank which acts as a buffer against significant changes in inflow volume and contaminant concentration. This stage is followed by separation of suspended solids and any floating particles such as oils, fats and grease in primary clarifiers. The effluent is sent to biological reactor to remove nitrogen and phosphorus. Further removal is done in the secondary treatment to remove dissolved and suspended organic solids. Lastly, disinfection is done to eliminate pathogens, viruses and bacteria. The secondary effluent is then discharged into the Jukskei River (Mather and Shaw, 1993; Amdany et al., 2014; Naidoo and Olaniran, 2014; Jwara et al., 2020; Makoane, 2012). The typical effluent quality of this plant is reported in Table 2, the results of the analyses is provided by the Department of Water and Sanitation. The effluent quality shows that further treatment will be required in order for the water to meet SANS 241:2015 drinking water standards.
[image: Figure 3]FIGURE 3 | Treatment process at NWWTW (Makoane, 2012).
TABLE 2 | Water quality of NWWTW discharge into the Jukskei River (DWS, 2022c).
[image: Table 2]For this study, a direct water reclamation plant using the treated wastewater discharge from the NWWTW as the feed is proposed. Thus the aim of this work was to assess the feasibility of direct water reclamation from treated municipal wastewater discharge for supply of potable water to Diepsloot Township. A stepwise sequential approach was used to: i) Assess quality of treated wastewater discharge for reuse, ii) Investigate the required technology options for direct water reclamation for potable reuse, and iii) Assess capacity of the treatment plant. Feasibility studies of reclamation of treated municipality wastewater for potable reuse, have in South Africa been carried for Western Cape and KwaZulu Natal provinces, and have since been successfully implemented for bulk water supply (Swartz and Menge, 2022). While only one study has been reported for the semi-arid Gauteng province, the study which was based on assessment of the viability of non-potable reuse of treated municipal wastewater discharge (Skosana, 2017) and not on potable re-use. To the best of our knowledge, this is the first study on feasibility of water reclamation for potable reuse, to be reported for the semi-arid Gauteng Province of South Africa, for the benefit of township communities potentially through sustainable decentralized water supply. The study proposes a suite of treatment technologies, backed by simulations results generated from real municipality secondary effluent quality data.
2 METHODS
2.1 Sampling and analysis
Treated municipal wastewater discharge has the remains of organic micro contaminants, including personal care products, pharmaceutically active compounds, and pesticides since the conventional treatments do not remove them entirely. Their presence becomes a major concern when considering water reclamation (Fatta-Kassinos et al., 2016). Hence, the quality of the discharge from the WWTW should be examined as it plays a major role in selecting the appropriate treatment technology protocol. In this study samples were collected from the Jukskei River during wet season, to determine the quality of the feed for water reclamation plant. Four sampling points were chosen; two downstream of the NWWTW (Heron Bridge College and Lion Park Quarry) and another two upstream (William Nicol South and Lonehill Main Road). The GPS coordinates of the sampling points are presented in Supplementary Material (as Supplementary Table S1), while Figure 4 presents the maps of the sampling sites.
[image: Figure 4]FIGURE 4 | A map showing the location of the water sampling sites along the Jukskei River: (A) Downstream and (B) Upstream of NWWTW (Google maps, 2022).
In addition to the sampling locations, the maps in Figure 4 also show the relative location of NWWTW within the study area. The Department of Water and Sanitation sampling procedure was followed (WRC, 2003). Two samples were collected at each sampling point; one sample for microbial analysis were collected first using sterile glass bottles and then followed by the collection of a sample for chemical analysis (in plastic bottles). The samples were stored at below 4°C analysed within 6 h of their collection. The water quality was compared to the South African National Standard (SANS) 241:2015 for drinking water quality.
On-site measurement of pH, electrical conductivity, temperature, and turbidity of the samples were conducted at the sampling points. Turbidity was measured using Eutech instruments Turbidimeter TN-100, while pH and electrical conductivity were measured using Eutech instruments Cyberscan PC 300. Chemical analyses were conducted using Automated Photometric, Inductively Coupled Plasma Optical Emission Spectroscopy (ICP- OES), and Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
2.2 Treatment process modelling
Aqueous Material Balance (AqMB)®, a process modelling simulator software for water treatment processes to predict water quality and quantity was used. This software includes a wide range of unit operations that are utilised for designing water treatment process such as clarifier, membrane separators, adsorption unit, etc. (Scott et al., 2019). According to the World Health Organization (WHO, 2013), a person requires a minimum of 70 L/day of clean water to meet basic needs, such as drinking, cooking, personal washing, laundry, cleaning home, growing food (domestic use) and for waste disposal (sanitation). Thus, the proposed treatment plant must have a design capacity of 35,808 m3/day to supply a population of 350,000 with 100 L/day per person. The proposed value of 100 L/day per person was based on hierarchy of water requirements developed by the WHO as a guideline to determine the minimum amount of water required per person per day.
3 RESULTS AND DISCUSSION
3.1 Water quality analysis of collected samples
Samples were collected at Jukskei River to determine other contaminants that were not reported by Department of Water and Sanitation. A visual presentation of the samples is shown in Figure 5. There was a visible difference in the colour of the water upstream and downstream of the NWWTW. The samples collected downstream contained suspended solids giving them a brownish cloudy appearance, while those collected upstream appeared clearer. The presence of the suspended solids and the resultant colour in the samples collected downstream can be attributed to the presence of the effluent discharge from the NWWTW and possibly from other activities in the surrounding areas.
[image: Figure 5]FIGURE 5 | Physical appearance of the Jukskei River samples collected downstream (Heron Bridge College and Lion Park Quarry) and upstream (William Nicol South and Lonehill Main Road) of the NWWTW.
Table 3 shows the physical, chemical and microbial analyses results of the river samples. The results indicate that the samples collected downstream were found to have elevated levels of turbidity and electrical conductivity when compared to the upstream samples, in line with the physical appearance of the samples as presented in Figure 5. Nevertheless, the pH and the electrical conductivity of all the samples were found to be within SANS 241:2015 limits. The upstream and downstream samples seemed to have more or less same levels of most of the chemical determinands, with the exception of NO2_N and Fe which were both found to be higher in the downstream samples. The higher levels of these determinands in the downstream samples stem from the NWWTW discharge as ferric chloride is usually used in coagulation during municipal wastewater treatment, while nitrate and nitrite are generally from the agriculture run offs (How et al., 2021). Nevertheless, most of the chemical determinands were observed to be within SANS 241:2015 limits for all samples collected (except for NO2_N in the downstream samples). A more striking difference was observed in the microbial analysis as significant levels of faecal coliforms were obtained downstream, which is attributed to the discharge from the NWWTW. According to the results in Table 2, it can be observed that the faecal coliform levels discharged into the river is similar to those found from the samples collected downstream of the NWWTW. However, the concentrations of nitrate and nitrite were higher compared to those found in the downstream samples reported in Table 3. The lower nitrate and nitrite concentrations can be due to dilution of the discharge by the stream water (Figure 4), and additionally due to removal by aquatic or algae plants in the river (Andersen et al., 2004). Therefore, the water quality of the discharge is similar to that of the water downstream, although it can be argued from the results presented herein that allowing the discharge to be in contact with the natural environment in the river before reclamation is done may be advantageous. As a result, the quality of the feed water for reclamation can be expected to be the same as that of the downstream samples.
TABLE 3 | Physical, chemical and microbial determinands of the Jukskei River.
[image: Table 3]Water reclamation for potable reuse generally requires blending with conventional water sources. According to Ketteringham (2007), it is a requirement from the South African Department of Health to blend the reclaimed water with any other conventional sources of water, such as surface or groundwater, at a ratio of 1 part reclaimed water: 4 parts conventional source water before exposure for human consumption. The purpose of blending is to dilute total dissolved solids and anthropogenic dissolved organic carbon. Moreover, blending is conducted for psychological reasons (mainly public acceptance). The blending process can be done pipe-to-pipe in the distribution network or in a storage tank. It is generally recommended to implement blending in a storage tank process since it is safer and more efficient, than a pipe-to-pipe blending (Lahnsteiner et al., 2018). Due to low volumes of fresh water resources within the vicinity of the study location, groundwater was chosen as a blending source. The quality of the ground water in the vicinity of Diepsloot is presented in Supplementary Material (Supplementary Table S2), as reported by Kruidenier (2019). The results show the determinands are within SANS 241:2015 limits, which implies the groundwater may be suitable for blending of reclaimed water.
3.2 Treatment technology protocol
3.2.1 Selection of treatment technologies
The choice of technologies to be used and the level of treatment are governed by the contaminants of concern in the area, the quality of the treated wastewater discharge, intended end uses of the reclaimed water, and regulations. Potable reuse requires advanced water treatment technologies (Hummer and Eden, 2016). The main purpose of advanced treatment technologies is to advance the removal of the remaining microorganisms, nutrients, pollutants, and suspended solids in the feed. Hence, when designing a direct potable reuse treatment train, multiple processes that have equivalent ability to remove contaminants must be employed. In case of failure from one process to remove certain contaminants, the downstream processes need to be able to remove them down to acceptable limits. Furthermore, the system needs to be robust and resilient to increase the capability of addressing a wide range of contaminants. Water reclamation treatment train for potable reuse typically consists of multiple barriers combined to remove pathogens and organics. For the removal of pathogens, the following multiple barriers are normally combined: coagulation, disinfection (chlorine or ultraviolet [UV]), filtration (granular or membrane) and softening. Furthermore, the organics are removed by combined multiple barriers of advanced treatments processes such as Reverse Osmosis (RO) membrane, granular activated carbon, advanced oxidation processes (ozone, and UV) etc. (Schimmoller et al., 2015; Roccaro, 2018). From the water quality data reported of NWWTW and downstream samples of NWWTW, it can be noted disinfection of the feed and further treatment will need to be conducted to keep turbidity, faecal coliforms, and nitrates below the SANS 241:2015 limits. This was therefore used as a guideline to propose the appropriate treatment protocol for the water reclamation plant and the choice of technology to use for production of potable water.
3.2.2 Treatment protocol and design data for water reclamation plant
A summary of simulated main unit operations design data are shown in Table 4. The proposed water reclamation plant consists of two inlets streams (feed water from the WWTW and another feed from the groundwater) as shown in Figure 6. The two inlet feed streams feed into clarifiers separately, whereby alum and polymer are added to enhance the settling of suspended solids. The clarifier is applied to remove turbidity, suspended solids, protozoa, viruses, and bacteria (Chaitra et al., 2017; Omarova et al., 2018). The Ultrafiltration (UF) membrane is intended for removing suspended solids, bacteria, turbidity, colloidal contaminants, protozoa, and viruses (Bergamasco et al., 2011). Furthermore, UF is used as a pretreatment stage for RO membrane. The treatment train included RO since the technology is considered one of the best in removing contaminants such as emerging organic contaminants, pharmacologically active components, personal care products, dissolved solids, mono and divalent ions, and trace organics from the municipal wastewater (Aravinthan, 2014; Roccaro, 2018). The advanced treated secondary effluent was mixed with the treated groundwater for blending purposes using a mixing ratio of 1:4. The final stage of the treatment train is disinfection using ozone, with the purpose of eliminating residual pathogenic organisms that may still be present in the water (Somani and Ingole, 2011).
TABLE 4 | Main unit operation design data.
[image: Table 4][image: Figure 6]FIGURE 6 | Block diagram of proposed treatment plant.
3.3 Treatment plant water quality
3.3.1 Process capability assessment on secondary effluent from NWWTW
The water quality data reported for NWWTW for wet season and the composition of the water samples collected downstream of NWWTW were used as a guideline to model the water reclamation plant. The proposed treatment process was designed to treat effluent from NWWTW and groundwater to acceptable limits of SANS 241:2015 drinking water standards. The results generated by the software after simulation of the proposed treatment process are shown in Table 5. Contaminants that do not meet SANS 241:2015 requirements; such as turbidity, nitrites, and bacteria are highlighted in red. It was observed that the clarifier was able to remove turbidity completely and remove the bacteria to 99.68%, the remaining 0.32% of the bacteria was removed by the UF membrane. Lastly, 99.67% of nitrites were removed by the RO membrane. Furthermore, it was observed that the clarifier was able to remove the bacteria completely from groundwater (Supplementary Table S3). The treatment process proposed here-in successfully removed the contaminants to acceptable SANS 241:2015 drinking water standards. Furthermore, it was noticed that after passing the treated feed through the RO membrane most of the minerals were removed (Supplementary Table S3). The removals of these caused the water to be demineralised and not ideal for drinking water purposes, as a result remineralisation process will need to be done after RO process. However, for this study remineralisation process will not be required since reclaimed water is expected to be blended with groundwater (Khan, 2013; Rosborg and Kozisek, 2019).
TABLE 5 | Chemical and microbial analysis of treatment plant.
[image: Table 5]The performance of the proposed process was assessed for season variability (Supplementary Table S4) using water quality data for NWWTW collected during dry season. The feed showed elevated levels of NH3, NO3 and NO2 when compared to the SANS 241: 2015 and the feed for wet season. Furthermore, the dry season secondary effluent contained lower levels of bacteria when compared to wet season effluent, although the levels were higher than allowed for drinking water. The proposed treatment process was still able to reduce all contaminants exceeding SANS 241:2015 requirements to acceptable levels for drinking water.
3.3.2 Process capability assessment on other secondary effluent in South Africa
Secondary effluent data from Darvill WWTW in KwaZulu Natal province (Freese et al., 2002) and Mmabatho WWTW in North West province (Akoth, 2018) were used to assess the capability of the proposed treatment process. The determinands that exceeded SANS 241:2015 requirements are highlighted in red (Supplementary Table S5, S6). The effluent from the Darvill WWTW (Supplementary Table S5) contained As, Pb, true colour, cryptosporidium, giardia, and viruses; which in were not found or reported in the secondary effluent data from the NWWTW, and were found in considerable amounts. On the other hand, the secondary effluent from Mmabatho WWTW (Supplementary Table S6) contained the highest level of NO3 in this study, and significantly high levels of bacteria (almost twice as much as reported in the NWWTW effluent). Regardless of the disparity of the levels of these contaminants, the proposed treatment process was able to reduce all contaminants exceeding SANS 241:2015 requirements down to acceptable levels for drinking water.
3.4 Treatment plant capacity
The simulated treatment plant was able to produce 1,584 m3/h of treated water as presented in (Supplementary Table S3), which is 38,016 m3/day as shown in Figure 7. The volume of treated water per person per day was calculated using Eq. 1
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[image: Figure 7]FIGURE 7 | Volumes of influent and treated water.
The plant will be able to provide 109 L/day of clean water per person for a population of 350,000.
4 CONCLUSION
Based on water shortages or scarcity experienced worldwide, particularly in South Africa over the recent years, water reclamation presents a sustainable, reliable and promising future. Water reclamation presents many advantages such as the release of pressure on water sources, and reduction in energy cost for water transportation or transfer. Direct potable water reclamation shows great potential as an alternative of water supply; this practice has been operated successfully at the New Goreangab (Namibia), Beaufort West (South Africa), and Big Spring (United States) Water Reclamation Plants. The proposed here-in water reclamation plant will require the following treatment processes such as clarification, membrane filtration (UF and RO), and disinfection to improve the water quality to SANS 241:2015 drinking water standards. Based on the results obtained after the simulation process, the treatment process proposed here-in was able to remove contaminants to acceptable levels as guided by SANS 241:2015. Moreover, the simulated treatment plant will be able to produce 38,016 m3/day, providing 109 L/day of clean water per person for a population of 350,000. Thus, water reclamation for direct potable reuse shows a great potential to augment the current water supply and in turn achieving SDG 6.3 goal. However, validation of the results obtained from this study with empirical data would be beneficial for a comprehensive and informed conclusion to be made. Furthermore, despite the myriad advantages of water reclamation, a cost-benefit analysis and a full economic evaluation of the proposed water reclamation plant are necessary, in addition to public buy-in and acceptance, before implementation of the proposed solution can be considered.
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